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The  objective  of present  study  was  to  evaluate  the  transmissibility  of  the  caprine
arthritis–encephalitis  virus  (CAEV)  through  artiﬁcial  insemination  (AI),  and  to assess  the
inﬂuence  of viral  load  on  this  probable  transmission.  It also  aims  to verify  whether  the
inﬂammatory  process  caused  by  the  use  of  intravaginal  sponges  would  facilitate  virus  entry
in  the  female  reproductive  tract.  For  this  purpose,  30  undeﬁned  breed  goats  were  used,  all
serologically  negative  for  CAEV.  One  Anglo-Nubian  buck,  also  seronegative,  was  used  to  arti-
ﬁcially  inseminate  females  in  this  study.  His  semen  was  contaminated  with  the standard
CAEV-Cork  virus  strain,  with  two  distinct  infective  titres,  one  106 TCID50/mL,  for high  viral
load  (HVL),  and  another  of 102 TCID50/mL,  for low  viral  load  (LVL).  Females  had  estrus  syn-
chronised  by  using  two  protocols,  intravaginal  sponges  in  Group  1 (G1, N =  15)  and  auricular
subcutaneous  implants  in  Group  2 (G2, N  =  15).  For  inseminations,  the  goats  were  divided
into three  groups  of  10  animals  each.  One  group  was  inseminated  with  HVL, another  with
LVL and  the  third  with  semen  from  the same  virus-free  buck,  as  a negative  control.  The
experiment was  conducted  in accordance  to the  ethical  principles  for animal  experimen-
tation.  Statistical  analyses  were  performed  by the  chi-square  test (P  <  0.05).  Thirty  days
after insemination,  the  experimental  infection  was conﬁrmed,  when  12  out of  the 20 (60%)
inseminated  goats  had  seroconverted.  Sixty  days  after  insemination,  all  females  from  the
HVL  and  LVL  groups  presented  anti-CAEV  antibodies.  There  was  no  statistical  difference
(P  >  0.05)  among  groups  regarding  viral  loads  nor  between  the  two  estrus  synchronisation
protocols.  Goats  from  the  control  group remained  seronegative  throughout  the  experiment
(12 months).  Concerning  reproductive  parameters,  no  difference  was  found  between  the
control group  and  the  infected  groups.  Based  on  these  results,  it is possible  to  conclude  that
the  virus  can  be  transmitted  through  artiﬁcial  insemination  with  infected  semen.  Therefore,
the venereal  route  is a potential  route  of infection.∗ Corresponding author at: Brazilian Agricultural Research Center,
mbrapa Goats and Sheep, Brazil. Tel.: +55 88 9611 8072;
ax:  +55 88 3112 7455.
E-mail address: kelma zoo@hotmail.com (K.C.d. Souza).
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1. Introduction
Open access under the Elsevier OA license.Caprine arthritis–encephalitis (CAE) is an infectious
disease caused by a virus from the Retroviridae family,
Lentivirinae subfamily and Lentivirus genus, which infects
goats at various stages of age development, regardless of
inant R
with low viral load, becoming the group LVL, and subgroups G1.3 and G2.3
received contaminated semen with high viral load (HVL) (Table 1).
At the time of AIs, the females were properly restrained and the cervix
was  located by using a vaginal speculum (duck-billed) and a light source
and  semen was  applied with a 0.5 mL semen applicator as deeply as
1 Laboratoire Associé de Recherches sur les Petits Ruminants, INRA,194 K.C.d. Souza et al. / Small Rum
sex and production system (Lara et al., 2005). The disease
causes considerable economic losses in goat production,
especially when breeders and matrices of high genetic
value are affected, for they are removed from reproduc-
tion and often from a breeding programme. This may
lead to loss of full potential of the animal concerning
the transmission of their genetic characteristics for future
generations.
The main CAEV transmission route is through ingestion
of colostrum or milk from infected females (Pisoni et al.,
2007), although other routes are possible but not proven.
This may  include maternal–foetal and sexual transmission
through semen (Andrioli et al., 2006; Ali Al Ahmad et al.,
2008). Pinheiro et al. (2006) showed that the spread of
CAEV among herds was mainly due to the introduction of
infected bucks.
In order to prove transmission through semen, the fol-
lowing steps are needed: detection of the etiologic agent
in semen of infected animals; insemination of uninfected
females with semen containing the virus, with subse-
quent conﬁrmation of female infection through diagnostic
tests (Peterson et al., 2008). The ﬁrst step was proven by
Andrioli et al. (1999),  as they observed through the Nested
polymerase chain reaction (Nested PCR) the presence of
proviral CAEV DNA in semen of naturally infected goats.
Nevertheless, bucks presented an intermittent of provi-
ral CAEV DNA in semen (Andrioli et al., 2006; Paula et al.,
2009; Peterson et al., 2008), attesting that the presence of
the virus increases the possibility of transmission through
sexual contact, which represents a potential risk of the dis-
ease spreading through natural mating (Rowe et al., 1991),
and even more importantly, through artiﬁcial insemina-
tion (AI), when several females may  be inseminated with a
single ejaculate.
In humans, transmission of human immunodeﬁciency
virus (HIV) through semen depends on the stage of the dis-
ease, the patient nutritional or immune status and their
association with other diseases (Alexander, 1990), as well
as on virological factors such as infectious viral load. More-
over, the presence of mucosal inﬂammation and type of
sexual relation interferes with the spread of HIV (Cohen,
2002).
In goats, little is known about these factors. Moreover,
this line of research needs to be strengthened for better
control of chronic viral diseases. Therefore, the objective
of the present study was to determine whether artiﬁcial
insemination with contaminated semen could be a CAEV
transmission route and to assess the inﬂuence of viral load
in this probable transmission, and, ﬁnally, to verify whether
the inﬂammatory process caused by the use of intravaginal
sponges would facilitate virus entry in the female repro-
ductive tract.
2. Materials and methods
2.1. Location and periodThe study was  conducted from October 2008 to October 2009 at
Embrapa Goats and Sheep, located in Sobral, in the north of Ceará state,
Brazil. The region lies at about 111 m altitude, 3◦45′0.5′′ latitude south and
40◦20′45.8′′ longitude west.esearch 109 (2013) 193– 198
2.2. Experimental animals
One six-year-old Anglo-Nubian buck and 30 undeﬁned breed (UB)
does aged between one and four years old were used. The animals were
serologically evaluated before the experiment by Agarose Gel Immunodif-
fusion (AGID) and Western Blot (WB) tests. The tests showed no anti-CAEV
antibodies, and thus, the animals were selected for their negative charac-
ter. The experiment was  conducted in accordance to the ethical principles
for  animal experimentation adopted by Brazilian College of Animal Exper-
imentation (COBEA, 2008).
2.3. Viral inoculum
The viral inoculum was prepared by concentration by dialysis
(Plummer, 1978), using the standard CAEV-Cork1 virus strain. The titre
was  calculated by the method of Reed and Muench (1938) in order to
obtain the infecting titres for high viral load (HVL) of 106 TCID50/mL  and
low  viral load (LVL) of 102 TCID50/mL.
2.4. Semen extending
Ejaculations of the seronegative buck for CAEV were collected through
an  artiﬁcial vagina coupled to a sterile tube (Falcon 15 mL), and then
taken to the Semen Technology Laboratory at Embrapa Goats and Sheep
to evaluate the volume, aspects, sperm motility and vitality.
Semen that had spermatozoon in quality and number for fresh artiﬁ-
cial  insemination (120–500 × 106 spz/mL) was  separated into three equal
parts and then was  extended in Minimum Essential Medium (MEM)  with
2%  foetal calf serum and glucose as energy source. One part did not contain
CAEV, for the negative control (NC); in the second, the extended semen
had 106 TCID50/mL  viral titre; and the third had 102 TCID50/mL. Finally,
the semen was put into 0.50 mL straws, sealed and placed in styrofoam
with water at 37 ◦C for fresh insemination.
2.5. Estrus synchronisation and artiﬁcial insemination with ﬁxed time
Before insemination, the females were subjected to hormonal syn-
chronisation of estrus and then divided into two  groups, G1 (n = 15) and
G2 (n = 15). In G1, progesterone-releasing intravaginal sponges were used,
with 60 mg of medroxyprogesterone acetate (MAP),2 which were inserted
intravaginally. G2 received another method of progesterone applica-
tion, by auricular subcutaneous implants, with 1.0 mg Norgestomet.3 This
experiment aimed to verify whether the inﬂammatory process caused by
sponges would facilitate virus entry in the female reproductive tract. Each
protocol lasted 11 days, and day zero was considered the one on which the
progesterone sources were introduced. On day 9, 50 g cloprostenol4 and
200 IU equine chorionic gonadotropin5 (eCG) intra-muscular applications
were made, and on day 11, the progesterone source was removed.
After removing the progesterone sources, signs of estrus in females
were observed every 12 h, when they were exposed to the presence of the
buck, but with no physical contact.
Females from G1 (n = 15) treated with intravaginal sponges were
divided into three subgroups (G1.1–1.3) with ﬁve animals each. The
females in G2 group were divided similarly and they were synchronised
with auricular subcutaneous implants (subgroups G2.1–2.3) (Table 1).
All the females were inseminated transcervically on at a ﬁxed time at
32  h and 48 h after removing the progesterone sources, including those
which showed no signs of estrus. Females from subgroups G1.1 and G2.1
were inseminated with non-contaminated semen, corresponding to nega-
tive control (NC); subgroups G1.2 and G2.2 received contaminated semenENVL, France.
2 Progeston, SYNTEX S.A., Argentina.
3 Crestar, Intervet, Holanda.
4 Ciosin, Coopers, Brazil.
5 Novormon, SYNTEX S.A., Argentina.
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Table  1
Experimental groups and subgroups of goats subjected to hormonal synchronisation of estrus and artiﬁcial insemination with CAEV contaminated semen.
Subgroups Progesterone source
Intravaginal sponges* (G 1) Auricular implants** (G2)
Negative control (virus-free) G1.1 (n = 5) G2.1 (n = 5)
Low  viral load titre (102 TCID50/mL) G1.2 (n = 5) G2.2 (n = 5)
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* Intravaginal sponges = Progeston, SYNTEX S.A., Argentina.
** Auricular implants = Crestar, Intervet, Holanda.
ossible. At this moment, the presence or absence of mucosal inﬂamma-
ion in the cervical region could be observed, characterised by redness
nd/or presence of foul smelling mucus, and the occurrence of bleeding
uring inseminations. Each female was inseminated with 1.0 mL  semen
2  mL  × 0.5 mL straw), in order to receive the previously established viral
itre and the usually recommended method for AI.
.6. Handling after artiﬁcial insemination and blood samples
After inseminations, the negative control, LVL and HVL groups were
ept in separate paddocks and isolated from each other by a double fence,
eeping a distance of 1.5 m among paddocks. This distance was essential to
revent any physical contact among experimental animals from different
xperimental groups and with other near-by animals.
However, horizontal transmission was not prevented within the
roups due to technical limitations and because it would be very stress-
ul  for the animals to be kept isolated for a long time. Furthermore, each
roup was kept in an extensive system so that horizontal transmission
as unlikely. Finally, the objective of the study was  not to quantify how
any females would be infected by semen, but whether this would be an
nfection route.
Throughout the experiment, the animals were followed by WB diag-
ostic testing and all preventive measures were adopted to prevent
ransmission among the experimental groups, such as: each group had
 management kit (thermometer, scissors, tweezers, stethoscope, etc.).
andling always started in the control group followed by LVL, and HVL.
eedles for blood samples were disposable and no other animal was intro-
uced in the ﬂocks.
Pregnancy was  diagnosed 60 days after insemination by ultrasound
xaminations with Biosound-Esoat® equipment, Falco model, using a
.0  MHz  transrectal transducer.
Blood samples were taken monthly up to four months after insemi-
ations and, thereafter, every 60 days until 12 months after insemination.
amples were obtained by puncturing the jugular vein using the
acutainer® system, with 10 mL  tubes without anticoagulant. The sam-
les were centrifuged at 1500 g for 15 min  to separate serum. These were
tored in eppendorf® tubes labelled in duplicate and stored in a freezer at
20 ◦C and then tested.
.7. Serological testAgar Gel Immunodiffusion (AGID) and Western Blot (WB) were the
iagnostic tests used in this research. They were conducted monthly until
our months after insemination in order to detect the closest moment
f seroconversion. Hereafter, the test was  performed every 60 days until
able 2
ercentage of female goats seropositive to CAEV in both intravaginal sponges or
rom  30 to 60 days after AI.
Group 30 days 
Intravaginal sponges* Auricular implants** Total 
HVL 5/5 (100%) 5/5 (100%) 10/10 (100%) 
LVL  0/5 (0%) 2/5 (40%) 2/10 (20%) 
VL = high viral load titre 106 TCID50/mL.
VL = low viral load titre 102 TCID50/mL.
* Intravaginal sponges = Progeston, SYNTEX S.A., Argentina.
** Auricular implants = Crestar, Intervet, Holanda.G2.3 (n = 5)
12 months after insemination. The antigen used was produced in the Virol-
ogy  Laboratory at Embrapa Goats and Sheep, containing the p28 protein
of  CAEV (Pinheiro et al., 2006). The concentration obtained in the antigen
was  4.25 mg/mL  by the method of Bradford (1976).
To perform WB,  the methodology by Pinheiro et al. (2001) later
adapted by Rodrigues et al. (2009) was used and AGID as reported by
Gouveia et al. (2000).
2.8. Statistical analyses
Statistical analyses were performed by the Chi-square (2) test with
established value of (P < 0.05) and the Yates correction, using the EPI-INFO
version 6.0 statistical programme.
3. Results
Reproductive parameters were compared between the
control/seronegative and inoculated/seropositive groups.
Pregnancy rates were 10% (1/10) in the control group and
35% (7/20) in the inoculated groups. Kidding rates were 10%
(1/10) for the control group and 25% (5/20) for the seropos-
itive groups. However, there were two abortions around
70 days of pregnancy in the seropositive group, empha-
sising that in one of these miscarriages, there were three
foetuses, which probably contributed to the incident. No
signiﬁcant difference was  observed between groups con-
cerning any of the parameters studied (P ≥ 0.05).
The experimental infection was  conﬁrmed 30 days after
insemination with CAEV-Cork contaminated semen, when
seroconversion was  observed in 12 (60%) out of 20 insemi-
nated goats with contaminated semen, of which ten (100%)
belonged to the HVL group and two (20%) to the LVL
group (Table 2). Sixty days after insemination, all the goats
from both groups which had received contaminated semen
presented anti-CAEV antibodies in WB,  and remained so
until 360 days after AIs. There was no statistical differ-
ence (P > 0.05) between groups, although seroconversion
was detected earlier in the group inseminated with titre
of 106 TCID50/mL  (HVL group). No goat from the control
 auricular implants for estrus synchronisation, with different viral loads,
60 days
Intravaginal sponges* Auricular implants** Total
5/5 (100%) 5/5 (100%) 10/10 (100%)
5/5 (100%) 5/5 (100%) 10/10 (100%)
196 K.C.d. Souza et al. / Small Ruminant Research 109 (2013) 193– 198
taminat
le; S−, Fig. 1. Western Blot results of female goats inseminated with CAEV con
protein band; C+, positive control; C−, negative control; S+, positive samp
group showed antibodies to CAEV in testing throughout
the 12 months after insemination. Fig. 1 shows the results
of WB.
In this study, the method of estrus synchronising did not
inﬂuence the virus transmission (Table 2) and genital tract
inﬂammation was not observed at the time of AI in any of
the females studied.
Regarding the reproductive characteristics of the 30
females undergoing treatment for estrus synchronisation,
in G1, 11 (73.3%) showed estrus between 24 and 48 h after
removing the progesterone sources and in G2, 12 (80%)
showed estrus, and three (20%) did not present any sign.
The estrus percentage showed the efﬁciency of the two
procedures.
Pregnancy was diagnosed after 60 days, when all goats
inseminated with contaminated semen had already sero-
converted.
4. Discussion
Evidence of CAEV transmission through AI corroborates
studies by Andrioli et al. (1999, 2006),  Cruz et al. (2009),
Paula et al. (2009) and Ricarte et al. (2010),  who suggested
that the semen from infected goats contained the virus and
thus could transmit CAEV. Likewise, Andrioli et al. (2006)
emphasised the risk of spreading the infection through
artiﬁcial insemination, which was found in this study, as
it proved CAEV transmission by experimentally infected
semen, and also that a single ejaculate can spread the virus
in up to 100% of the artiﬁcially inseminated females.
Rowe et al. (1991) observed that some goats serocon-
verted between 100 and 140 days after being subjected to
natural mating with seropositive males and suspected that
the transmission occurred through copulation. The authors
did not conﬁrm this route, probably because the females
had direct contact with the infected male. Unlike the
approach described above, in the present study the con-
taminated semen was introduced directly into the female
reproductive tract through AI, as suggested by Peterson
et al. (2008),  so there was no contact between female goats
and the buck, which was proven seronegative for CAEV in
order to provide more safety for the study. Thus, sexualed semen using different viral loads at 60 days after insemination (p28,
negative sample).
CAEV transmission reinforces the importance of buck
reproductive health and the need to test them regularly
before using as semen donors in artiﬁcial insemination pro-
grammes and genetic selection (Ali Al Ahmad et al., 2008).
Other lentiviruses, also responsible for infections in cat-
tle, cats, primates and humans, have also been detected
in semen, presenting potential transmission (Jordan et al.,
1995; Mermin et al., 1991; Nash et al., 1995). The feline
immunodeﬁciency virus (FIV) had sexual transmission
proven when Holly et al. (1998) inseminated six females
with fresh semen from males infected by FIV and three of
them seroconverted.
In the case of human lentivirus, the sexual route is
the most responsible for the spread of human immun-
odeﬁciency virus (HIV), which is responsible for AIDS. In
Africa, for example, 60% of new infections are in women
who  have had sexual relations with men  positive for HIV
(Swaminathan, 2009).
Studies on the inﬂuence of viral load in CAEV transmis-
sion, especially through sexual contact, are still incipient.
In the present experiment, even though all the goats were
contaminated regardless of the viral load, the ones which
received the highest titre seroconverted earlier. There are
no data in the literature on quantities of potentially harmful
viral loads which are present in semen or that are capable
of transmitting infection. Some studies demonstrate fac-
tors which may  inﬂuence CAEV presence in semen, such as
stress caused by increased sexual activity in the breeding
season and during times of high environmental tempera-
ture (Andrioli et al., 2006; Paula et al., 2009; Peterson et al.,
2008). Andrioli et al. (2006) found that, in males infected
with CAEV, the percentage of positive semen by PCR before
and after testicular injury was  21.4% and 50%, respectively,
demonstrating that the inﬂammatory process increases the
ﬂow of defense cells and increases the viral load.
Some authors evaluated the proﬁle of anti-CAEV anti-
bodies in blood by AGID and proviral DNA of CAEV in blood
and semen by PCR, from infected bucks. They found no cor-
relation between them (Ali Al Ahmad et al., 2008; Paula
et al., 2009), and that in both blood and semen the presence
of the CAEV was  intermittent (Andrioli et al., 2006; Paula
et al., 2009). In addition, Paula et al. (2009) found that CAEV
inant R
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as detected in semen (PCR) from experimentally infected
ucks before the diagnosis by AGID, demonstrating that
ales with recent infection represent important infection
ources and that the absence of virus in the bloodstream
id not exclude the excretion of the pathogenic agent in
emen, or even a possible transmission.
The use of intravaginal sponges to synchronise estrus
n goats may  cause inﬂammation, although in the present
tudy there was no inﬂammation in the vaginal canal of
he goats at insemination. What may  have contributed to
he infection of inseminated females was the fact that the
onocyte and macrophage population (which are target
ells) responsible for protecting the vagina are similar to
hose found in the mucosal surfaces exposed to environ-
ental antigens, such as found in the gastrointestinal tract
nd upper respiratory tract (Hafez and Hafez, 2004). The
atter are proven to be infection sources for CAEV with the
uman lentivirus. Lazzarin et al. (1991) suggested that the
se of intrauterine devices was potentially associated with
 higher possibility of HIV sexual transmission in women.
The fertility data in the present experiment were low,
hen compared to other studies with fresh semen, perhaps
ecause the insemination had ﬁxed time with hormonally
ynchronised estrus, since the literature is somewhat con-
icted about the issue, and Machado and Simplicio (2001)
howed that inseminations performed earlier or later led
o reduction in fertility rate.
. Conclusions
As a result of this study, it can be concluded that CAEV
ransmission by experimentally infected semen is a distinct
ossibility.
The two viral loads used in this experiment were able
o infect females, and seroconversion tended to be faster in
oats which received the highest viral loads.
The CAEV transmission was not inﬂuenced by the treat-
ent method of estrus synchronisation and ovulation
nduction.
MEM with 2% foetal calf serum and glucose can be used
s goat semen extender as well as for semen contamination
n experiments on pathogen transmission.
CAEV probably has no negative inﬂuence on the fertility
f females, at least in early infection.
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